The adequacy of lymph node dissection of colonic resection specimens influences the clinical and pathologic staging, leading to important postsurgical treatment decisions. Although manual lymph node dissection is the current standard at most institutions, recent statistical studies indicate that all lymph nodes, including those measuring 1-2 mm, should be recovered to be assured of lymph node negative status. Thus, we tested the efficacy of gross dissection by submitting the entire residual mesenteric fat. We analyzed 15 randomly chosen colonic resections (2 pT1, 1 pT2, 11 pT3, 1 pT4). After standard gross dissection of lymph nodes and submission of colonic material for diagnosis, the entire remaining mesenteric material was dehydrated over several days by serial washing in alcohol and acetone. All of the mesenteric tissue was submitted for histology. The average number of nodes found by original gross inspection was 20.8, while the average number of additional nodes found after clearing was 68.6. In all, 83% of the additional nodes were 2.0 mm or less in size. There were seven pN0 cases; one was upstaged by additional findings that may have been artifactual. There were four pN1 cases; three were upstaged to pN2 after submission of the mesenteric material. All four pN2 tumors had additional metastases identified. In all, 75% of all positive nodes were under 2.0 mm in size. In this limited sample, standard gross dissection proved sufficient for most pN0 tumors to remain node negative. However, our findings within the pN1 group show that examination of all of the mesenteric material may be necessary to be assured of correct pN status. Keywords: colon; adenocarcinoma; lymph node; clearing; dissection; staging; prognosis
The presence or absence of lymph node metastasis is pivotal for predicting the clinical outcome of patients who have undergone radical surgery for colorectal carcinoma. 1 Lymph nodes are an integral component of the TNM classification system, a major determinant of adjunct therapy, and a prognostic marker in colorectal adenocarcinoma. 2 Recovering a greater number of lymph nodes guards against missing a lymph node metastasis and allows for more accurate staging of patients. The identification of a single lymph node metastasis is sufficient to offer adjunctive therapy. The most important determinant of survival is the presence or absence of metastases in regional lymph nodes. 3 Thus, the detection and examination of the largest possible number of lymph nodes are essential for correct staging, therapeutic decisions, and prognosis. 4, 5 Despite claims of a meticulous search for lymph nodes in surgical specimens, wide variations in the number of total nodes and lymph node metastases continue to exist. 2, 6, 7 This variation may be due to the size of the specimen, the number of regional lymph nodes present in the specimen, and the number of nodes with metastases present. 3, 8 Pathologists also vary in their diligence, skill, and patience in dissecting the lymph nodes of a surgical specimen. 9 In this study, we enrolled 15 randomly chosen colon resections, which were predominantly a tumor stage of T3. After manual gross lymph node dissection, the mesenteric fat was dehydrated and all the remaining tissue was submitted for microscopic examination. We compared the total number of nodes found during a standard gross dissection with the number found after submission of the entire mesentery. The additional number of metastases and potential effect on the cancer stage was also investigated. We measured the size of the additional nodes found, to determine if the additional nodes were large enough such that they should have been found with a reasonably diligent dissection.
Materials and methods
We analyzed 15 randomly chosen colonic adenocarcinoma resections (Table 1) . After standard gross dissection of lymph nodes and submission of colonic material for diagnosis, the entire mesenteric material was dehydrated in situ over several days of washing in a graduated series of alcohol and acetone. Between each daily washing, the fat was placed between two large surgical pads and lightly pressed with a rolling pin to express fully all of the previous solution. After 100% acetone washing, the entire remaining specimen was placed into cassettes and allowed to soak in xylene for an additional 24 h prior to histologic processing. We used this method of slow dehydration for two reasons. First, processing the fatty tissue prior to cassette placement reduced the volume of material by approximately two-thirds. Second, this method ensured that the tissue would be well dehydrated and thus easier to embed and cut. We noted no significant difference between the quality of our sections and that of normally processed fatty tissue.
The surgical blocks were cut and stained with hematoxylin and eosin. A single microscopic section was examined independently by two pathologists (TML and HGB). The number of lymph nodes, size of the nodes, and any metastases were recorded for each case. This protocol was approved by our institution's Institutional Review Board (IRB).
Results
The average length of the resection was 28. 079.0 cm, and the average number of lymph nodes found with gross inspection was 20.9712.5 with a range of 5-47 nodes. There was no correlation between the length of resection and the number of nodes found after manual dissection (r ¼ 0.04). The average number of additional nodes found after complete submission was 68.6728.0, with a range of 37-112. There was no correlation between the number of nodes found with gross dissection and the number found after complete submission (r ¼ 0.18). However, there was a moderate correlation between the length of the resection and the number of nodes found after complete submission (r ¼ 0.43). In all, 82% of the additional nodes were below 2.0 mm in size ( Figure 1 ).
There were seven pN0 cases, one of which (a pT4) was upstaged by additional findings that may have been artifactual. In this last case, we did not identify any lymph nodes with metastases. This case was staged as a pT4 because of local abdominal wall invasion. The soft-tissue metastases identified were intimately involved with skeletal tissue, and we believe that these areas represented overvigorous dissection by the prosector rather than true metastatic implants. There were four pN1 cases, three of Efficacy of lymph node dissection HG Brown et al which were upstaged to pN2 after submission of the mesenteric material. All four pN2 tumors had additional metastases in the extra material. In all, 75% of all positive nodes were under 2.0 mm (Tables  2 and 3 , Figure 2 ).
Discussion
There has been much debate in the literature about the minimum number of lymph nodes necessary to stage colorectal tumors adequately. There is no consensus on the minimum number of lymph nodes needed for proper staging, although the current recommendation is to harvest at least 12. 10 Currently, the pathologist usually obtains lymph nodes for histologic study after their recognition by sight and palpation. This method for recovering lymph nodes is termed the manual method.
A second method, designated as a 'lymph node clearing technique,' treats the surgical specimen by dissolving the fat. The result is a translucent mesentery that preserves lymph node structure. Nodes as small as 1.0 mm may be dissected out of the cleared fat. The usefulness of this method for detecting lymph node metastases of carcinoma of the colon and rectum was reported as early as 1938. 11 Clearing significantly increases the number of harvested lymph nodes in the specimens, and thus the accuracy of tumor staging. 1 The disadvantages of this technique are the turn-around time, cost, and labor intensity, 1, 12 as well as exposure to xylene.
In this study, we used a variation of the clearing technique, which we refer to as 'complete submission of the mesentery.' Instead of dehydration and then clearing in xylene, the mesentery is dehydrated over a period of 1 week. Unlike lymph node clearing, where lymph nodes are dissected from the residual soft tissue before submission, no additional gross examination of the dehydrated specimen was carried out prior to tissue submission. Instead, all of the mesenteric material is submitted for histology. This technique decreased the time and effort of the prosector, and also guaranteed that even very small lymph nodes less than 1.0 mm in size would be found. A drawback of this method, however, is the additional time and effort invested by the histotechnologist.
There was a lack of correlation between the number of gross nodes found and the length of the resection, as well as a lack of correlation between the numbers of lymph nodes found in manual dissection vs total submission. This is in contrast to the moderate correlation between the number of nodes found after clearing and resection length. We believe this implies that total submission does not simply show more nodes, but gives a more accurate Efficacy of lymph node dissection HG Brown et al assessment of the mesenteric lymphatic system as it correlates with specimen size and not the number of nodes found by manual inspection. Almost 50% of the additional nodes found in our study were below 1 mm, and 82% of them were below 2 mm (Figure 1) . Many of these nodes may have been imperceptible even with clearing techniques, hence the importance of submission of all of the mesenteric adipose tissue.
It is significant that the additional positive lymph nodes metastases identified in our study do not represent 'micrometastases' which would be apparent only with adjunctive techniques. We have no doubt that using immunoperoxidase, PCR, or other methods would have revealed more positive metastases, but would have added expense and increased the time delay in diagnosis. [13] [14] [15] Standard gross dissection was sufficient for most pN0 tumors to remain node negative ( Table 2 ). This held true even in the cases with 'insufficient' gross lymph node dissections of under 12 lymph nodes recovered. We upgraded only one pN0 case, a pT4 ( Table 2 , case 7). In this case, no lymph node metastases were found, and we believe that the softtissue implants seen may have been an artifact of dissection around the abdominal wall invasion. The complete submission technique may not be appropriate in T4 tumors where the prosector cannot reliably dissect the mesenteric tissue away from the locally invasive tumor. Three of four pN1 tumors were upstaged to pN2 with this protocol, and none of the additional positive nodes was larger than 3.0 mm (Tables 2 and 3 , cases 9,10, and 11). All three of the cases had more than 20 lymph nodes submitted with gross dissection; thus manual dissection would have been regarded as adequate.
Finally, every pN2 case had either additional positive lymph nodes or soft-tissue metastases (Table 2) .
It is worthwhile to compare our findings to the previous work by Scott and Grace 16 and Scott et al.
17
In these studies, a total of 103 separate specimens were examined in a manner similar to the present study, with a primary gross dissection and then a secondary submission of nodes after using clearing techniques. After clearing, five of their 103 specimens were found to be lymph node positive. Of these five cases, all would have been reclassified as pN1. Follow-up 5 years later revealed that four of the five patients with upgraded specimens had died of disease. Scott's study and others indicate that up to 8% of pN0 cases could be upgraded after lymph node clearing, 9, 16, 18 and it is somewhat unexpected that we did not identify any positive lymph nodes in our pN0 cases; this may have been due to our small sample size.
Over the last decade, the appropriate number of nodes to sample in colonic resections has ranged from six to 17, with the current consensus being 12-15.
1,3,7,10,12,1719-23 Our study supports the contention of Tepper et al 12 that more uniform standards in lymph node assessment are necessary to prevent systematic undergrading of lymph node status, which may be a determining factor in treatment failure of pT3 pN0 and pN1 tumors.
Our sample size is not large enough for us to come to a definitive conclusion about the minimum number of nodes necessary to validate a pN0 diagnosis, but in the case of an inadequate gross dissection, clearing, or as described in this paper, total submission of mesenteric fat, remain important viable alternatives to a second gross dissection, and, indeed, may become necessary if 30 or more lymph nodes are expected to be analyzed routinely, as has been suggested by Goldstein 2 and Joseph et al. 24 We believe that our study reveals that the complete submission technique is more accurate in sampling the mesenteric lymphatic system than standard manual dissection. However, clinical validation must be performed before routinely advocating this process. Figure 2 Percentage of additional positive lymph nodes (excluding soft-tissue metastases) by size. This pie chart represents the five cases of a total of 15 that had additional lymph node metastases. Three cases that had soft-tissue metastases only are not included in this analysis. In all, 83% of the additional positive lymph nodes are below 3 mm in size, and in fact, all of the larger positive lymph nodes came from the same case that was already known to be a pN2 (Table 3 , case 12).
